In this paper a 3-module automatic Watermarking system is proposed, which embeds visually recognizable patterns to video objects (VOs). During the first module efficient unsupervised video object exiraction is perlformed. In ihe second module the DWT is applied to the extracied VOs to produce ten subbands and three pairs of subbands are formed. Nexi QSWTs are esiimated for ihe pair of subbands with the highesi energy content. Finally in the ihird module visually recognizable patterns are embedded io the Coefficients of the highest energy QSWTs and the IDWT is applied io provide ihe watermarked VO. The perfonnance of the proposed system has been tested under various signal distortions producing very promising results.
INTRODUCTION
Digital watermarking algorithms have been proposed in literature for copyright protection of intellectual property. Early techniques embed the watermark in the LSBs of image pixels [I] , but they are not resistant to attacks. On the other hand frequencydomain-based techniques are more robust to attacks. In [2] a set of independent and identical distributed (i.i.d) sequences were embedded into the perceptually most significant frequency components of an image. In [3] visually recognizable pattems were embedded in images, by selectively modifying the middle frequency of the DCTs of the images. Furthermore other methods [4] , use the Discrete Wavelet Transform to hide data. In these techniques the watermark is a random sequence of bits and can only be detected by employing detection theory.
On the other hand the MPEG-4 has introduced video objects . 
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and Mpk x Npk is the size of one of the 31d level subbands.
Next the best QSWTs in the selected pair of subbands are chosen as the target coefficients for casting the watermark. The basic definitions of QSWTs are given below.
A parent-child relationship is defined between coefficients at different scales, corresponding to the same location. The coarse scale coefficient is called parent, and all coefficients at the next finer scale are called children. For a given parent, the set of coefficients at all finer scales are called descendants.
Definition I : A wavelet coefficient x,,(iJ)E D is a parent of
xm.l(),q), where D is a subband labeled HL,, LH., HH,, p=i*2-lli*2, q=j*2-1)*2, n>l, a 1 a n d p l . 
where xz(i,j)= max(x2(2*i-I, Pj-l), x2(2*i-l. 27), x2(2*i, 27-1).
x2(2*i, 27)). Finally the embedded positions are stored to a matrix and the 2-D IDWT is applied to the modified and unchanged subbands to form the watermarked VO.
The Extraction Method
The extraction method uses the embedded positions matrix and the scaling constants to extract the watermark. For this reason initially the watermarked and original images X' and X respectively are decomposed into three levels using DWT. Then using the embedded positions matrix, the coefficients of subband LHj ( 
EXPERIMENTAL RESULTS
Results of the proposed watermarking system are presented for one frame of the stereoscopic video sequence "EyeZEye", depicted in Figure 1 (a) , while the unsupervisedly extracted foreground VO is depicted in Figure 1 (b) . In the experiments the watermark is a greyscale image with "NTUA" characters of size 6x20. Then the top 120 QSWTs are selected for embedding the watermark. Furthermore in our experiments c2 and c3 are constants in all frequency bands and we choose c2=0.1 and c3=0.15. The watermarked VO can be seen in Figure I(c) . As it can be observed the embedded watermark is imperceptible.
Next the robustness of the proposed system under various attacks is investigated. Three different types of attack have been performed namely blurring, JPEG lossy compression and sharpening. Table I shows the extracted watermarks for all different cases. In the same table the PSNR values after attack are also provided. As it can be observed, even under serious distortions of the video object's quality, the watermark can be extracted and it is still visually recognizable. Furthermore based on the PSNR values after attacks, the proposed scheme provides watermarking robustness comparable to other schemes, which 
